














were maintained by adjusting a thin-leaf slide gate to give the 
proper relationship between discharge and pressure head in the 
conduit upstream from the gate. This relationship was determined 
by computing head losses occurring between the prototype reser-  
voir and the pressure measuring section. The discharges were 
based on a Manning's "n" value of 0.008 for  both concrete and 

Tailwater elevations were adjusted with a movable tailgate accord- 
ing to the.tailwater curves in Figure 5. Water surface elevations 
were determined by a staff gage on one wall of the nonoperating 
spillway stilling basin, in which a relatively quiet water surface 
was maintained. 

THE INVESTIGATION 

The outlet works discharge of 2,340 cfs occurs when the reser-  
voir water surface is at the spillway crest, just before the spill- 
way begins to operate. The effect of this outlet works discharge 
on flow conditions in the downstream channel was of primary con- 
cern, with special attention given to the possibility of material 
being swept into and deposited in the nonoperating spillway basin. 
SIich deposited material could cause abrasion of the concrete sur- 
faces during subsequent operation of the ?$3iuey. Data were also 
taken for an outlet works discharge of 3,665 cfs, during which the 
maximum spillway discharge would occur. However, since 
the model spillway stilling basin was inoperable, conditions in the 
model channel downstream from the basins were unrealistic. Data 
taken within the outlet works stilling basin for the 2,665 cfs dis- 

were, however, truly representative. Performance was 
ed for both initial and degraded channel conditions. 

sometcoarse material being swept against the downstream side 



during  erati ti on both withand without riprap protection. It was 
believed that this material consisted of suspended particles which 
.settled.in the quiet pool of the spillway basin. In this case, it 
would be incorrect to assume that this mat;ri+ represented a 
prototype s i z e  based on the model scale. It is ltkely that material 
depositedjn the prototype basin would be.of the samecsize a s  the 
model particles and would not result i? abrasive damage during 
subsequent operation of the spillway. How~ver,  riprap should be 
carefully placed in the immediate vicinity of the end sills to insure 
against deposition of coarse material on the spillway basin end 
sill, a s  previously described. 

Stilling basin operation. --The outlet works stilling basin performed 
satisfactorily for.a discharge of 2,340 cfs (spillway not operating) 
and a maximum discharge of 2,665 cfs (during which the prototype 
spillway would also operate) for both initial and degraded channel 
conditions. For the 2,340 cfs discharge the difference between 
initial and degraded channel had little effect on thebesin operation, 

. the spillway basin 
ation of the. spillw 



works basin end s?ll and about 0 . 5  f6ot of erosion was noted at 
the left corner of the spillway basin end sill, Figure 9(a). The 
erosion was negligible at the left corner of the outlet works basin. 
For  the 2,665 cfs discharge the scour pattern was very similar 
to that for the lesse r  discharge, with about 3 feet of erosion at the 
right corner of the outlet works basin, Figure 9(b). The asymmetry 
of the pattcim i s  due to the deposition, in front of the left half of the 
basin, of material which was pulled down from the left channel 
slope. The amount of scour was not excessive and was confined 
to the area immediately downstream from the stilling basin. Wave 
action caused the beaching along the tops of the channel slopes, 
which is evident in the photographs. 

Rock with maximum size pieces of about 2 inches was placed on the 
sand bed to simulate the 112- to 1-'cubic-yard prototype riprap. The 
riprap was subjected to approximately 3 hours of model operation 

, at a discharge of 2,665 cfs, degraded channel, to represent the 
most severe operating condition. Figure 10 shows that no apparent 
movement of the rock took place. However, sand was pulled from 
beneath the riprap by wave action and deposited lower on the slopes, : 



; . Water surface profiles. --Water surface profiles, measured for 
discharges of 2,340 and 2,665 cfs with both initial and degraded 
channel conditions are shown in Figure, 12. The profiles show the 

'' maximum and mihimum water surface, indicating the amount of 

Waves. --Waves were measured at approximateiy Station 11+92 in 
f h e w n s t r e a m  channel as  an additional means of evaluating the 
efficiencyof the.hydraulic jump stilling basin. Waves were rela- 

= tively small, approximately 1 footor less  in height for all test 
conditions, Table 2. 

.--Tests were conducted to determine the 
the minimum tailwater elevation (degrade 



















ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Model 

Spillway stilling basin aiter operation of 
outlet works for 12 hours (prototype) at 
Q = 2,340 cfs, tailwater elevation 781.9 
(deg-aded channel). Note coarse mate- 
rial swept against end sill and fine mate- 
rial deposited in basin. No riprap pro- 
tection in channel. 

Figure 6 
Report Hyd-528 



Figure 7 
Report Hyd-528 

A. Tailwater elevation 781.9 (degraded 
channel) 

B. Tailwater elevation 783.9 (initial channel! 

ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Model 

Stilling Basin operation and flow conditions 
in the downstream channel for outlet works 
Q = 2,340 cfs. Note upstream surge at end 
of spillway basin. 



Figure 8 
Report Hyd-528 

A. Tailwater elevation 784.1 (degraded 
channel) 

R. Tailwater elevation 786.1 (initial 
channel) 

ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Mode? 

Stilling basin operation and f lo .~  conditions 
in :he downstream charme: fo? outlet works 
Q = 2,665 cfs. 



Figure 9:a. ) 
Report Hyd-529 

A'. Sand bed before erosion tesl. 

C .  Erosion after equivalent of 12 prototype hours 
operation at flow shown in B 

ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Model 

Erosion Test 
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Figure 9(b.) 
Report Hyd-528 

A. Q = 2,665 cfs, tailwater elevation 784.1 
(degraded channel) 

B. Erosion after equivalent of 12 prototype hours 
operation at flow shown in A 

ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Model 

Erosion Test 
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A. Riprap before test .  

B. Riprap after equivalent of 12 prototype hours 
at Q = 2,665 c is ,  tailwater elevation 784.1 
(degraded chamel)  

ARBUCKLE DAM OUTLET WORKS 
1:18 Scale Model 

Riprap Test 












